We construct an exact soliton, which represents a BPS Dp-brane, in a boundary string field theory action of infinitely many non-BPS D(p − 1)-branes. Furthermore, we show that this soliton can be regarded as an exact soliton in the full string field theory. The world-volume theory of the BPS Dp-brane constructed in this way becomes usual gauge theory on commutative R p+1 , instead of non-commutative plane. We also construct a Dp-brane from non-BPS D(p − n)-branes by the ABS like configuration. We confirm that the Dp-brane has correct RR charges and the tension. *
Introduction
The idea of construction of a Dp-brane from infinitely many lower dimensional D(p − 2)-branes has been developed in the context of the Matrix theory [1] - [6] . Though this is very interesting idea, it was known that the Dp-brane which is constructed from BPS D(p − 1)-branes has charge of the BPS D(p − 2)-branes and its world volume becomes non-commutative space [7] - [11] because the lower dimensional brane charges should be conserved. Therefore it is interesting to construct a pure Dp-brane with commutative world-volume from lower dimensional D-branes.
On the other hand, some properties of the system containing tachyon in string theories have been understood [12] - [14] . In particular, the non-BPS branes [15] - [18] and the braneantibrane systems [19] - [21] have been studied. Furthermore, the exact solitons has been found in the effective non-commutative world-volume theories of unstable D-branes [22] - [26] .
† Here the solitons represent lower dimensional D-branes. This effective theories can be regarded as the tree level actions of string field theories, then, this solitons can be regarded as the exact solutions of equations of motion of string field theories. Recently, even for the case without non-commutativity, the exact solution has been found in the world-volume of the unstable D-branes using the boundary string filed theory (BSFT)
[27]- [31] , which was first formulated by Witten [32] .
Then it is natural to construct a BPS D-brane from lower dimensional unstable non-BPS D-branes which have no conserved charges. Although some attempts to do this was made in [33] , the result is not clear, especially for the brane tension, since the BSFT action for the non-BPS brane had not been obtained and the actions used in [33] are not considered to be exact.
In this paper we construct an exact soliton, which represents a BPS Dp-brane, in the effective world-volume theory of infinitely many non-BPS D(p − 1)-branes. This world volume theory is obtained from BSFT and the T-duality. Moreover, we can show that the solution remains intact even if we include the terms containing sufficiently many † This construction can be viewed as a condensation of the tachyon which makes the lower dimensional unstable ∞ − 1 D(p − 2)-branes disappear. A remaining D(p − 2)-brane corresponds to the soliton solution in the non-commutative world volume theory of the unstable Dp-brane because the infinitely many unstable D(p − 2)-branes constitute the unstable Dp-brane.
commutators in the action although we should include these terms to the action when we consider the full string field theory action. Therefore, this soliton can be regarded as an exact soliton in the string field theory, as in the non-commutative case [26] , where it is argued that derivative corrections, which correspond to higher commutator terms, should not be taken into account.
The world-volume theory of the BPS Dp-brane constructed in this way becomes usual gauge theory on commutative R p+1 . The new commutative coordinate of the worldvolume of the BPS Dp-brane is appeared through the non-commutative R 2 . The extra dimension effectively disappears by the condensation of the tachyons as in the case of a soliton in a D9-brane.
We also construct a Dp-brane from non-BPS D(p − n)-branes by the ABS like configuration. It is shown that the RR charges of the solitons are correct ones, however, the tension of the Dp-brane is shown to coincide with the expected value for n = 1 case only.
This paper is organized as follows. In section 2, we briefly review the BSFT action for non-BPS D9-brane and the construction of the soliton in it. In section 3, we construct an exact soliton, which represents a BPS Dp-brane, in a BSFT action of infinitely many non-BPS D(p − 1)-branes. We also construct a Dp-brane from non-BPS D(p − n)-branes by the ABS like configuration. We confirm that the Dp-brane has correct RR charges and the tension. Finally section 6 is devoted to conclusion.
Solitons in BSFT action
First we review the BSFT action for non-BPS D-brane and the construction of the soliton in it [29] . The BSFT action for the real tachyon T (x) is obtained in [29] as
where
andT p is the tension of the non BPS Dp-brane in type IIA superstring theory. This action is considered to be exact if we set T = u i x i and other fields to zero. Using
we can obtain
Then it was shown in [29] that the closed string vacuum corresponds to T = ∞ and the exact soliton which represents a BPS D8-brane is
with u = ∞. Because of which makes the fluctuations along x 9 confine in the region of a length scale 1/ √ u. The spectrum, however, is not expected to be exact because some neglected terms in the 
Construction of a commutative BPS Dp-brane from non-BPS D-(p-1) branes
First we consider the soliton in a field theoretical toy model for the effective world-volume action of N non-BPS D-branes. The field theoretical model of a tachyon field T (x) and gauge fields A µ in a D9-brane considered in [34] is
where c i are some numerical constants. Then from the T-dual relation
it is natural to take a toy model for tachyons in N non-BPS D(−1)-branes ‡ which has an
3) ‡ In this paper we consider the Euclidean space-time for simplicity.
where T and Φ µ become N × N matrices and
Here we have done the replacement
The equations of motion for this action become
where we have omitted the terms containing [T, 
wherex andp are operators which satisfy
Note that for this configuration, it is seen that [x µ 1 , [x µ 1 , x µ 1 ]] = 0 for any choice of assigning x µ i to Φ ν or T . Indeed, this configuration becomes a solution for the equations of motion (3.6) provided that µ 2 = 1/c 1 because [Φ, T ] = iµ and
We note that the normalization of the operatorx was taken such that thex can be regarded as the transverse coordinates of the non-BPS D(−1)-branes. We also note that the commutator [x,p] depends only on α ′ . Actually, a solution for equations of motion for general tachyon potentials was obtained before in [33] , however, as a solution of differential equation. We can easily check that the solution (3.7) solves the differential equation.
The tension of this soliton can be computed as
where we have used the eigenstates |x of operatorx, i.e.x|x = x|x with x|x ′ = δ(x − x ′ ) and the eigenstates ofp with p|p
. Although this soliton is expected to represent a BPS D0-brane, the tension of this soliton is not matched with the BPS D0-brane tension
. This is because the action can not be regarded as an exact string field theory action.
Therefore, now we consider a solution for a BSFT action, which is derived from the action (2.1) by the T-duality,
This action may be an exact string field theory action for the configuration with The equations of motion for this action become
where we have omitted the terms containing
Then from (2.6), we can find that the configuration (3. with µ → ∞ remains a solution for the equations of motion even if we include the terms omitted in the action (3.10), which vanish for the configuration satisfying (3.11). The tension of the solution is computed as
where we have used (2.6) and
This indeed coincides with the tension of the D(−1)-brane. The Chern-Simons coupling of the non-BPS branes which is relevant for this case is given by [37] - [39] [31] as
where µ ′ is a constant which can be evaluated as µ ′ = i 
Note that in this computation we have not taken the limit µ → ∞ and the charge does not depend on the value of µ as expected. α ′ µ 2 p 2 reduces to a delta function δ(p) in the commutative case and we can translate the operators to the functions by the Weyl transformation. Thus this factor coming from the tachyon condensation effectively makes the world volume of the BPS D0-brane, which is constructed as the soliton, extend along R 1 , rather than non-commutative R 2 . We note that in this construction of the D0-brane, the non-commutative R 2 play a crucial role in order to produce the world volume coordinates from the matrices.
It is not easy, however, to calculate the the effective action for the fluctuation modes since the BSFT actions used in this paper do not include the necessary terms to compute it as mentioned in section 2. Here we only restrict the fluctuation as 
Then inserting (3.18) and (3.19) into the action (3.10), we obtain the desired result: Because the analysis is almost same, we will consider more nontrivial generalizations.
We also construct an exact solution, which represents n BPS D1-branes:
where µ = 1 · · · 9. Constants C µ i correspond to a position of the i-th brane. From the analogy to the ABS configuration [36] , a configuration for a D(m − 1)-brane is expected to be i Φ denotes the interior product by Φ:
Thus we can obtained the RR charges of the soliton as 
It is difficult, however, to show the configuration is a solution because
Here we only show that for the configuration with 26) which is a naive extension of the one for 2 [m/2] D9-branes in [29] , is evaluated as
where An another exact solution corresponding to BPS D(2m)-brane is analogue of the usual construction of the non-commutative brane as in [33] :
wherex i andp i are operators which satisfy 
Φ µ = 0, (µ = 2m · · · 9). (3.31)
Conclusions
In this paper we have constructed an exact soliton, which represents a BPS Dp-brane, in the effective world-volume theory of infinitely many non-BPS D(p − 1)-branes. We have argued that the world-volume theory of the BPS Dp-brane constructed in this way becomes usual gauge theory on commutative R p+1 . The new commutative coordinate of the world-volume of the BPS Dp-brane is appeared through the non-commutative R 2 .
The extra dimension effectively disappears by the condensation of the tachyons as in the case of a soliton in a D9-brane.
We have also constructed a Dp-brane from non-BPS D(p − n)-branes by the ABS construction like configuration. It have been shown that the RR charges of the solitons are correct ones, however, the tension of the Dp-brane is shown to coincide with the expected value for n = 1 case only.
For the brane-antibrane system, the BSFT action have been obtained [30] which corresponds to a BPS D1-brane.
It is very interesting to study the fluctuations around the exact solitons including the fermion fields to the action as discussed in [35] . In order to do this, we probably have to calculate the BSFT action including the higher derivative terms.
